Kobayashi-Ishihara et al. Retrovirology 2012, 9:38
http://www.retrovirology.com/content/9/1/38

Page 3 of 17

= pPME18S-asHIV

SV40 ealry polyA (11.5kb)

e et et PIODES
p1 p2 p3 p4 p5
B GAPDH p1 p2 p3 p4 p5
1.10Kb
11. 5.5kb
I11.3~4kb
IV.2Kb
P 1. 10kb
% 1. 5.5kb
Qresennneng 1. 3~4kb
e e
C
AA.AAA = . 10kb
4885
AA...AAA <€ 1. 5.5kb
653 775 5709 !
AR AAA UUTRRT 11-i. 4kb
653 2004 7228 ‘
AA...AAA 4-=——--=—-—--—-==--.._.‘_. seeesert H-ii. 4kb
AA.. AARGLSTET ll-ii. 3kb
853 775 5962 6067 6768
AALAAA el s S\ 2kh
7338 T
AA. . AAA G [V-ii. 2kb

Figure 1 Mapping of the potential antisense RNAs transcribed from the HIV-1 proviral DNA. (A) A schematic diagram of the pME18S-
asHIV plasmid. The antisense strand of HIV-1y.4.3 DNA was inserted downstream of the SRa promoter. (B) Results of Northern blot analysis for
the detection of the RNAs from pME18S-asHIV. HEK293T cells were transfected with pME18S-asHIV or a mock vector, pME18S. Total RNA samples
isolated from these cells were analyzed with region-specific probes described in A (p1-p5). GAPDH RNA was used as a loading control. The
arrows described below are the positions of potential transcripts I~V as described in the results. ‘Mock' stands for the RNA sample extracted from
cells transfected with a mock vector. ‘As’ stands for RNA samples extracted from cells transfected with pME18S-asHIV. {C) The summary of the
transcription patterns in pME18S-asHIV-transfected cells. Spliced variants derived from antisense HIV-1 were identified by RT-PCR, and termination
sites were determined by the 3' RACE methods described in Additional file 1: Figure S1 and Additional file 2: Figure S2. Nucleotide numbering
corresponds to the sense strand of HIV-1y 4-3-DNA.

the antisense transcripts cover the region between 657 bp
and 9094 bp and are unspliced forms in HIV-1 infected
cells.

Identification of a novel variant of ASP RNA, ASP-L

The above results suggested that asRNAs of HIV-1, in-
cluding transcripts I, II, III-iii and IV-ii, can be expressed
in HIV-1-infected cells. To confirm the existence of these

potential asRNAs and determine their primary structures,
we next studied HIV-1 asRNAs in HIV-1-infected
MAGIC-5A by 3" RACE PCR analyses. Using the primer
P4R that is located in the ASP open reading frame (ORF),
a PCR product with an apparent molecular size of 700 bp
was amplified in the infected MAGIC-5A cells (Figure 3A
and B, lane 2 in the upper panel). In contrast to these
results, no PCR products were amplified from the infected
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Figure 2 Antisense-specific RT-PCR of HIV-1 RNA. (A) A diagram
describing the strand-specific RT-PCR method for HIV-1 asRNA. RNA
samples were reverse-transcribed by an antisense-specific primer with
a 5'tag sequence (Tag-RT-primer). The synthesized cDNA samples
were then amplified by PCR with a primer corresponding to the tag
sequence (Tag primer) and a primer complementary to the target
cDNA (PCR primer). (B) Detection of asRNAs in MAGIC-5A cells infected
with HIV-14-3. The top panel describes the position of R1-R5 region.
Lower panels show the results of agarose gel electrophoresis of
products of the antisense-specific RT-PCR targeting R1-R5 regions. PCR
products were detected corresponding to all 5 regions studied. Lane 1,
MAGIC-5A without virus; Lane 2, MAGIC-5A with HIV-1y4.3; Lane 3, no
RTase control; Lane 4, no RT primer control (a control for endogenous
priming); Lane 5, PCR products with conventional primer pairs with
cDNA samples synthesized by random primers (for testing sense and
antisense RNA expressions); Lane 6, positive control (amplified from
pNL4-3 plasmid DNA).

MAGIC-5A cells with the p3R primer (Figure 3B, lane 2
in the lower panel).

Semi-nested PCR using the PCR product by 3" RACE
with p4R primer produced one major product and one
minor product, about 500 and 600 bp in size, in the
infected MAGIC-5A cells. Analysis of the nucleotide
sequences of these PCR products revealed a major poly (A)
addition site that is located at the nucleotide position 6878
and other minor ones. Among the minor ones, one that
extends to the nucleotide position 6783 corresponds to the
larger PCR product. Thus, the results collectively showed
that two groups of HIV-1 asRNAs were polyadenylated at
nucleotide position 6878 (the major one) and 6783 (the
minor one) in the env region (Figure 3C), which
corresponds to the region of transcript II-iii (Figure 1C). In
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silico prediction identified a polyadenylation signal at
nucleotide positions 6909 to 6918, which seems to be
involved in the termination of the asRNA (Figure 3C).

Next, we studied the initiation site of the asRNA by using
two reverse primers (9418r and 9538r). Antisense-specific
RT-PCR with the primer 9418r successfully amplified a
c¢DNA, whereas that with 9538r primer did not (Figure 3D).
These results suggested that the transcriptional start site
(TSS) is located between 9418 and 9538 of the proviral
DNA. We next performed 5" RACE to determine the TSS
of the antisense transcript in the infected MAGIC-5A. The
results indicated that the main TSS is at 9451 (Figure 3E), a
finding supported by the successful amplification of cDNA
by antisense-specific RT-PCR targeting the region between
nucleotide positions of 6878 and 9451 (data not shown). In
silico analysis predicted that this asRNA contains a few
ORFs, of the previously reported ASP mRNA [8] and an
extended 3° UTR of approximately 500 bases compared
with that of ASP mRNA (Figure 3A). The RT-PCR results
suggested that this asRNA was mainly detected in infected
MAGIC-5A cells (See Additional file 3: Figure S3).

Taken together, we have identified two new forms of
asRNAs that are transcribed from the nucleotide position
9451 in the 3’ LTR U3 region of HIV DNA and termi-
nated at nucleotide position 6878 or 6783 in the env
region. We named these variants “ASP RNA-Long variant”
(ASP-L)[GenBank: JQ866626}; a major variant terminated
at 6878 is named as “ASP-L1,” and a minor variant termi-
nated at 6783 as “ASP-L2.”

Transcriptional activity of the LTR in the antisense
orientation

Since the transcription start sites (TSSs) of the newly
characterized HIV-1 asRNAs are in the U3 region of 3’
LTR, the R-U5 region is expected to have antisense pro-
moter activity. To study the promoter activity, we first
performed a computational analysis of this region. The
results revealed a potential TATA box at the nucleotide
position —48 to —54 from the TSS as well as a couple of
potential motifs that are recognized by transcription fac-
tors, such as CdxA, Nkx-2, and AP-1 (Figure 4A). To ex-
perimentally verify the promoter activity of this region, we
performed luciferase reporter assays in Molt-4 cells using
three kinds of constructs that have varying lengths of U3-
R-U5 region (300 bp tol40bp) in the antisense orientation
(pGL4-asLTR-1, pGL4-asLTR-2, and pGL4-asLTR-3)
(Figure 4A). Transfection of pGL4-asL'TR-1 demonstrated a
luciferase activity, the level of which was approximately
one-third of that of the sense orientation LTR (pGL4-5’
LTR) (Figure 4B). Luciferase reporters having shorter
regions (pGL4-asLTR-2 and pGL4-asLTR-3) also showed
similar levels of promoter activities. On the other hand, a
control construct that had a DNA fragment of the env
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Figure 3 Identification of an antisense RNA from HIV-1-infected cells. (A) A schematic representation of the HIV-1 asRNAs and primers for 3'
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RACE. The black arrow represents the ASP-L transcript characterized in this study, and dotted arrows are the ASP mRNAs as previously described [8,14].
The bold green arrow indicates the position of the potential ORF, ASP. (B and C) Results of 3' RACE. ‘MAGIC5A-HIV' stands for HIV-1 infected MAGIC-5A
and 293 T-asHIV' for HEK293T cells transfected with pME18S-asHIV. Lane 1 and 5, no infection control or mock transfected cells; Lane 2 and 6, cells with
HIV-1 infection or transfected with pME18S-asHIV; Lane 3 and 7, no RTase control; Lane 4 and 8, no RT-primer control; M, 100 bp marker. (B) The result
of 3" RACE PCR using the p4R primer (upper panel) and the p3R primer (lower panel). The asterisk indicates the PCR product representing ASP-L. ‘I', ‘lli-iii’
and 'IV-ii’ represent the PCR product derived from transcripts Il, Il-iii and V=i, respectively, described in Figure 1. (C) Upper panel: Results of semi-nested
PCR with the YT001 primer. The white asterisks represent ASP-L-variant forms; the upper asterisk indicates ASP-L2, the lower one ASP-L1. The yellow
asterisks represent transcript lli-iii. Results of the sequencing analyses are shown in the bottom panel, where arrows and upper case letters indicate the

termination sites. The bold arrow, end of the major transcript; the blue upper letters, a putative polyadenylation signal predicted by HCpolya (see
Methods); the underline, putative polyadenylation elements of ASP-L. (D and E) Identification of transcription start site (TSS) of ASP-L. (D) Results of
antisense-specific RT-PCR with two kinds of reverse primers. Locations of p5Ftag (Tag-RT-primer), 9418r, and 9538r are described in E. Lanes 1-6 are the
same as in Figure 2B. (E) A schematic description of ASP-L RNA. The upper case letter C in the sequence indicates the position of ASP-L TSS.

region in the reverse orientation did not show any pro-
moter activity.

To study the regulation of promoter activity of the LTR in
the antisense orientation (asLTR), we next tested whether
the viral accessory protein, Tat, or a cellular cytokine, TNF-«
modulates the activity. Results of cotransfection experiments
with a Tat expression plasmid did not show any activation
of the antisense promoter, whereas the sense orientation
LTR (pGL4-5" LTR) responded to Tat in a dose-dependent

manner, as expected (Figure 4C). On the other hand, TNF-«
activated pGL4-asLTR-1 in a dose-dependent manner as
was observed on the pGL4-5" LTR (Figure 4D). TNF-a
treatment of ACH-2 activated the expression of both strands
(See Additional file 4: Figure S4).

The results shown in Figure 4D suggested the involve-
ment of NF-«B in the regulation of 3" LTR promoter ac-
tivity in the antisense orientation. To examine this
possibility, we prepared a mutant reporter (pGL4-asLTR-

- 138 -



Kobayashi-Ishihara et al. Retrovirology 2012, 9:38 Page 6 of 17
http://www.retrovirology.com/content/9/1/38

AP-1 CdxA -150--156
A -230~-240 Nkx-2 -149~-156
3LTR [ U5 ) NG|

pGL4-asLTR-1 5709

pGL4-asLTR-2

9689

pGL4-asLTR-3
B 1.2 C 3200 =
> £ @asl.TR-1 156.6 143‘6
2 1 s . .
S B 150 A a5'LTR
s ©
g 08 @
9 s
g 061 5 100 1
2 0.4 4 E
] = * p< 0.002
73 0.2 4 g 504
9 2
s 0+ =
3 £ o+ -
« &8 0 02 1 5 25 pME18S-tat
(ng)
D
z
=
7]
<
ﬂ)
0
o
8
B
2 * p< 0.0
2
=
k]
= 0 0.01 o1 1 10
’ ' 3‘;’;‘1‘” 1= ASP-L
Fredicted :
TATA bhox 1 NFxBsites
! nef
E 3LTR U5 I R 1 us [ &
pGL4-asLTR-1 —— :
(Wild type)

pGL4-asLTR-AkB —}

pGL4-asL.TR-TATA mut1
pGL4-asLTR-TATA mut2

F Wild type -tatatg-
TATA mutl -~tataGg-
TATA mut2 -GGCaAg-

O—=MNWRAROBON®OOC

| mdelta kB *
4 =wild type

o
o

Relative luciferase activity
o o
» oo}

-

*
% M *p<0.05
1 *x M

Relative luciferase activity -L

o o
o N A

0 001 01 1 10 TNF-a
(ng/mL)

Figure 4 Transcriptional activity of the HIV-1 3' LTR in the reverse orientation. (A) A map of HIV-1 3' LTR and reporter plasmids. Top panel
shows results of promoter prediction of the 5-flanking region of the ASP-L TSS by TFsearch and Genetyx. Green box indicates putative TATA box. The
sequence-of the putative TATA box is described in F. The bottom panels are the structures of pGL4-asLTR-1, pGL4-asLTR-2 and pGL4-asLTR-3 plasmid. (B)
Promoter activities of the LTR in the antisense orientation (asLTR). pGL4-5' LTR and pGL4-asEnv plasmids were used as positive and negative controls,
respectively. mock, pGL-4.10; asEnv, pGL4-asEnv; asLTRs, pGL4-asLTR-1, pGL4-asLTR-2 and pGL4-asLTR-3; 5' LTR, pGL4-5' LTR. The luciferase activities
relative to that of pGL4-5' LTR are shown. (C) Effects of Tat protein on the asLTR promoter activity. A Tat expression plasmid, pME18S-tat, was co-
transfected with pGL4-asLTR-1 or pGL4-5' LTR. (D) Dose-response effects of TNF-a on the asLTR promoter activity. At 12 h post-transfection of the
reporters, cells were treated with various amounts of TNF-a (0-10 ng/mL) for 12 h. (E-H) Investigation of transcriptional regulatory elements in the asLTR.
(E) A schematic description of series of asLTR mutant reporters. asLTR-AkB lacks two NF-kB binding sites. asLTR-TATA mut1 and mut2 contain mutated
TATA box. (F) Sequences of the potential TATA box mutants. (G) Promoter activities of the asLTR mutants. The luciferase activities relative to that of
pGL4-5" LTR are shown. (H) Effects of TNF-a on the AkB mutant. The experimental condition is identical to D. ‘delta kB’ stands for pGL4-sLTR-AkB. 'wild
type’ stands for pGL4-asLTR-1. The mean + S.D. of quadruplicate (B) or triplicate (C, D, G, and H) experiments are shown. The asterisks shown in C, D, G,
and H indicate statistical significance.

- 139 -



Kobayashi-Ishihara et al. Retrovirology 2012, 9:38
http://www.retrovirology.com/content/9/1/38

AxB, Figure 4E), which has a deletion of NF - kB binding
motifs. The basal promoter activity of the asLTR-AxB was
significantly decreased compared with that of wild type
(Figure 4G) and lost responsiveness to TNF-a treatments
(Figure 4H). We further tested the possible involvement
of the putative TATA box using two kinds of mutant
reporters, pGL4-asLTR-TATA mutl and pGL4-asLTR-
TATA mut2 (Figure 4E and F). pGL-4asLTR-TATA mutl
has a T to G point mutation at the potential TATA box,
which lacks a TATA activity [4546]. pGL-asLTR-TATA
mut2 has mutations with a deletion of the TATA motif.
The results demonstrated no difference in the basal pro-
moter activity compared with that of wild type asLTR
(Figure 4G).

ASP-L expression in various types of cells infected with
HIV-1

To study the expression of HIV-1 asRNAs in various types
of HIV-1-infected cells, we analyzed RNA samples from
Molt-4 acutely infected with HIV-ly4-3 as well as in
ACH-2, and OM10.1 cell lines that are chronically infected
with HIV-1yyp [47,48] with the antisense-specific RT-PCR.
In this experiment, we designed an antisense-specific RT-
PCR with a Tag-RT-primer that does not amplify the ASP
mRNA reported by Michael et al [8] (Figure 5A). The
asRNA expression was detected in all the cell lines
examined (Figure 5B). Furthermore, we could also detect
asRNA in the PHA-activated PBMCs infected with HIV-
Inpa-s (Figure 5C). 3" RACE analyses revealed similar
transcription termination in OM10.1 and activated ACH-
2 cells, where HIV-1y3 also had a conserved polyadenyla-
tion signal (Figure 5D). By antisense-specific RT-PCR ana-
lyses, we demonstrated that TSS of ASP-L from HIV-1jp
was located between nucleotide positions 9441 and 9538
that correspond with that from HIVyy 43 (Figure 5E). Col-
lectively, ASP-L was demonstrated to be transcribed in cell
lines with acute or chronic infection as well as in primary
human PBMCs infected with HIV-1.

To evaluate the expression levels of the asRNA in various
cells, quantitative analysis was performed using the strand-
specific quantitative RT-PCR method (qRT-PCR) of the R7
region (Figure 5A and 5F). The results showed that the
highest expression level was observed in OM10.1. The ex-
pression levels of HIV-1 asRNAs were shown to be 100—
2,500 times less abundant than those in the sense RNA
transcripts in all cells.

Sub-cellular localization of HIV-1 antisense RNAs

The subcellular localization of asRNAs could be a key to
understand the possible functions of asRNAs [30,38,49].
We, therefore, studied the localization ratios of HIV-1 asR-
NAs between the cytoplasm and nucleus. For this purpose,
HIV-1-infected MAGIC-5A and OM10.1 cells were fractio-
nated into the cytoplasmic and nuclear portions, followed
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by RNA extraction. The results of antisense strand-specific
RT-PCR at R8 region revealed that the majority of HIV-1
asRNAs was enriched in the nuclear fractions in both cell
lines, whereas the sense strand transcripts did not show
such a biased distribution (Figure 6A). To evaluate the dis-
tribution more quantitatively, we next employed qRT-PCR
at the R7 region. The results revealed that more than 77%
of the asRNA is located in the nuclei of varjous cells
including primary PHA-activated PBMC (Figure 6B-D).
This significantly biased nuclear localization was also con-
firmed in ACH-2 and HIV-1-infected Molt-4 (See
Additional file 5: Figure S5. Sub-cellular localization of
HIV-1 antisense RNAs in the HIV-1 infected T cell lines).
Taken together, these results indicate that ASP RNAs are
localized mainly in the nuclei of the acutely or chronically
infected cell lines as well as in the nuclei of primary PBMCs
newly infected by HIV-1.

Inhibitory effects of the antisense RNA on HIV-1
replication

To understand the function of HIV-1 asRNAs, we studied
the effects of ASP-L on HIV-1 replication. MAGIC-5A cells
were transiently transfected with an ASP-L expression
vector, pIRES-RSV-ASP-L, or a vacant vector, followed by
infection with HIV-1. At 48 h post-transfection (p.t.), the
levels of gag RNA decreased in ASP-L-expressing cells
compared to those in the control cells (Figure 7A). Semi-
quantitative PCR analysis of the genomic DNA did not
show any significant differences in the copy numbers of the
proviral DNA at p.t. 24 h, whereas it showed decreased
levels of proviral DNA in ASP-L-expressing cells at p.t. 48
and 72 h (Figure 7B). When the virus production was
evaluated by RT assays with the culture supernatants, it was
decreased in the ASP-L-expressing cells at p.t. 72 h with
statistical significance (p < 0.002) (Figure 7C).

To study the inhibitory effects of ASP-L on HIV-1 replica-
tion in T-cells, we prepared three clones of Molt-4 that sta-
bly express ASP-L (3C2, 3F1, and 3G9). After infecting these
cells with HIV-1, viral replication was evaluated by RT
assays. The results demonstrated a significant repression of
viral replication in the ASP-L-expressing cell lines for more
than 30 days post HIV-1 infection (dpi) (Figure 7D). qRT-
PCR analysis of the HIV-1 sense strand RNA did not show
any significant differences in the levels of gug and tat RNAs
at 1 dpi between the ASP-L-expressing cells and mock con-
trol cells; however, it demonstrated a 5-fold reductions in
the levels of gag and fat RNAs at 4 dpi in the ASP-L-expres-
sing cells compared to those levels in the control cells (Fig-
ure 7E and 7F). Semi-quantitative PCR of the genomic
DNA did not show a significant difference in the proviral
DNA levels between ASP-L-expressing and control cells at 1
dpi, whereas decreased levels of proviral DNA copies were
shown in ASP-L-expressing cells at 4 dpi (Figure 7G).
Among the stable ASP-L-expressing cell lines, the most
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Figure 5 Expression of the HIV-1 antisense RNA in various types of HIV-1-infected cells. (A) A schematic representation of positions of ASP-L
and ASP mRNA in the antisense strand of HIV-1y14.3 genome. Arrows indicate the regions of the antisense-specific RT-PCR (R6, R7, R9, and R10). (B and
Q) Results of antisense-specific RT-PCR at R6 region. Total RNAs from HIV-1y43-newly infected Molt-4 and MAGIC-5A cells, and ACH-2 and OM10.1
chronically infected cell lines were analyzed by the antisense-specific RT-PCR (B). Results of HIV-1y,4.3 infected-PBMCs from three healthy individuals
(HIV-1-PHA-blast #1-#3) are shown in (C). Lane1, uninfected cell line or PBMC; Lane 2, HIV-1 infected cell line or PBMC; Lane 3, no RTase control; Lane
4, no RT primer control, Lane 5; amplified from cDNA synthesized with random primers; Lane 6, positive control (amplified from pNL4-3 plasmid DNA
or cellular genomic DNA). (D) Termination sites of HIVj;g ASP-L. Summary of 3' RACE analyses in OM10.1 and TPA-stimulated ACH-2 is shown. The
upper letters mean transcription termination sites in black (ACH-2), green (OM10.1) and red (HIV-1y 4.3 infected MAGIC-5A cells). The black and green
arrows are the major transcript in ACH-2 and OM10.1, respectively. (E) Determination of ASP-L TSS in HIVyye. The results of antisense-specific RT-PCR at
R9 and R10 are shown. Lanes 1-6 are the same as in Figure 2B. (F) Relative expression levels of the antisense and sense transcripts. Results of the
strand-specific gRT-PCR at R7 region are shown to measure the expression levels of the antisense and sense transcripts (sense RNA). Expression levels
were normalized by the levels of B-actin gene expression. Results of triplicated experiments are shown with mean + SD.

significant inhibitory effect against HIV-1 replication was
observed in clone 3C2 that expresses the highest levels of
ASP-L, where the level of ASP-L was estimated to be
about 120 times more abundant than that in OM10.1 (Fig-
ure 7F and H). Furthermore, the nuclear localization of
ASP-L in the ASP-L-expressing clones was confirmed as
described above (See Additional file 6: Figure S6. Sub-cel-
lular localization of ASP-L in Molt-4 stably expressing
ASP-L). Contrary to above results, the cells expressing the

3’ region of ASP-L showed no inhibitory effect on HIV-1
replication (See Additional file 7: Figure S7A-C).

Upregulation of HIV-1 expression by knockdown of the
endogenous antisense RNA

As described above, the enforced expression of ASP-L
downregulated the viral gene expression and replication.
We then examined the biologic effects of ASP-L in HIV-1
infected cells. We established Molt-4 transformants that
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stably express short-hairpin RNAs (shRNAs) targeted to
the HIV-1 asRNAs (shRNA#1 and shRNA#2, Figure 8A).
To exclude the possible interference against sense strand
RNAs, several mutated nucleotides were introduced into
the passenger strands, which target to HIV-1 sense RNAs.
First, we tested the specificity of these shRNAs using
luciferase reporters having a sense or antisense sequence in
these transformants. The two shRNAs specifically reduced
the levels of luciferase activities of the reporters having
ASP-L sequence, whereas the effects were not significant
for the reporters having sense strand RNA (Figure 8B).
Next, we examined the effects of these shRNAs in HIV-1
replication. The expression levels of the HIV-1 asRNAs in
infected cells were suppressed in these cells compared with
control cells that express a scrambled sequence (Figure 8C).
gqRT-PCR of RNA samples from the infected cells demon-
strated significant enhancements of the levels of sense HIV-
1 RNAs in the ASP-L-knockdown cells compared with that
in the control cells (Figure 8D). Virus particle productions
were evaluated by RT-assays using the supernatants of the
infected cells. The RT activities were significantly

enhanced in the samples of stable transformants expres-
sing sShRNA#1 and shRNA#2 compared with that of the
control cells (Figure 8E).

Discussion

In the present study, to clarify the natural structure of
HIV-1 asRNAs, we employed a strategy that combines
an artificial overexpression of antisense strand of HIV-1
and characterization of antisense transcripts in infected
cells. The results revealed a natural form of asRNAs of
HIV-1y14-3 and HIV-1pp, ASP-L.

ASP-L appears to be a variant of previously reported ASP
mRNA [8], in that it shares most of the region of the ASP
mRNA, but lacks about 120 to 157 bases in the 5 region
and extends to the 3’ end by about 499 to 574 bases
(Figure 3A). Previously, two groups reported structural ana-
lyses of ASP mRNAs (Figure 3A); first, Michael et al. iso-
lated a single cDNA for ASP mRNA from a ¢cDNA library
prepared from A3.01 cells infected with HIV-1jg [8]. The
transcript started at the nucleotide position 9608 and poly-
adenylated at the nucleotide position 7367 of the HXB2
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strain, just after the TGA codon. Although a similar
transcript was identified in our overexpression experiments
(transcript IV-ii), this transcript was not identified in our
experiments using HIV-1 infected cells (Figure 3B).
Secondly, Landry et al. reported the structure of another
“ASP mRNA” in 293 T cells transfected with a 5 LTR-

deleted pNL4-3 [11]. The transcript started at various posi-
tions in the 5’ region of the 3" LTR, and terminated in the
pol region where they found a poly (A) signal at the nucleo-
tide position 4908. This transcript appears to correspond
to the transcript II in our overexpression experiments
(Figure 1C); however, this transcript was detected only in
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the 293 T cells transfected by the antisense HIV-1 expres-
sion vector, but not detected in the HIV-1 infected cells in
our experiments (Figure 3B), suggesting that this form of
transcripts may be an artifact in overexpression experi-
ments. As for transcript I, the asRNAs could not be detected
by 3" RACE method; nevertheless, its expression was sug-
gested by the antisense-specific RT-PCR in the infected
MAGIC-5A (Figure 2B). These results suggested that the
expression level of transcript I is lower than that of ASP-L.

The results of reporter assays and 5° RACE strongly
support the notion that asRNAs of HIV-1 are transcribed
from 3" LTR sequence (Figures 3 and 4). Furthermore, con-
sistent with previous reports [8,15,50], our reporter gene
assays suggested that the asRNAs of HIV-1 could be tran-
scribed from 3’ LTR in a TATA - independent and NF-kB
— dependent manner (Figure 4D-H). On the other hand,
the absence of TAR sequences in the antisense transcript
may explain the absence of response to Tat (Figure 4C).
These results also imply a possibility that the 5° LTR may
possess a promoter activity in the antisense direction, which
might contribute to modulate the expression of flanking
cellular genes [6]. In addition to our findings, there remains
a possibility that the antisense promoter activity may also
be influenced by flanking host sequences and the action of
cellular transcription factors, since HIV-1 prefers to inte-
grate into intergenic regions of actively transcribed genes
[6,51]. Also, the transcription of asRNAs might be initiated
within the host flanking sequences in some cases [20].

The results of antisense-specific gRT-PCR analyses indi-
cated that the ratio of expression levels of HIV-1 asRNAs
to those of the sense transcripts varied among the cells
examined (1/100 to 1/2500, Figure 5F). Our result was simi-
lar to that of a previous study in which the authors
estimated 0.9% abundance of HIV-1 asRNAs to the sense
transcriptions [18]. The ratio of expressions was maintained
at various stages of HIV-1 infection in Molt-4 (data not
shown), implying a biological meaning of ASP-L in a life
cycle of HIV-1. Taking our data described in Figures 7 and
8 into consideration, HIV-1 might retain a balanced expres-
sion of sense and antisense genes to avoid acute toxicity. In
addition, the relative expression levels of HIV-1 asRNAs
compared with those of S-actin were confirmed to be
comparable to those of mRNAs of well-known protein en-
coding genes with important functions such as Bcl-2, Cyclin
DI and IL-2 (data not shown).

To address the biological roles of the asRNA, we per-
formed two experimental studies; first, using cells that
stably overexpress ASP-L, we showed that ASP-L inhibits
HIV-1 gene expression for a prolonged period (Figure 7).
Since ASP-L expression did not affect the levels of HIV-1
DNA and RNA at 24 h post-transfection (Figure 7A, B, E,
and G), ASP-L does not appear to inhibit the early pro-
cesses of infection, such as viral entry and integration into
the genomic DNA of target cells.

Page 12 of 17

Next, we performed knockdown assays against the HIV
asRNAs (Figure 8). The results suggested that asRNAs of
HIV-1 including ASP-L might be involved in suppressing
sense strand viral expression. Differences in the efficiency
of viral replication between shRNA#1 and #2 may partly be
attributed to their knockdown abilities (Figure 8B and C),
although precise mechanisms need to be further studied.
Taken collectively, the results suggest that the asRNAs may
be a natural repressor for HIV-1 gene expression, which
may contribute to a self-limited replication.

We demonstrated nuclear localization of ASP-L in the
present study (Figure 6, Additional file 5: Figure S5 and
Additional file 6: Figure S6). Furthermore, our data shown
in Additional file 7: Figure S7 and Additional file 8 suggest
that ASP protein may not be required for the antiviral func-
tion on HIV-1. These observations suggest a function of
ASP-L that is exerted as a functional RNA. One previous
study also raised a possibility that ASP mRNA may act as a
functional RNA [13]. Recent reports demonstrated that the
nuclear mRNA-like noncoding RNAs such as Xist and
HOTAIR have important roles in regulating the sense
strand gene expressions [39,52]. In addition, there is a
possibility that ASP-L could be processed into small inter-
ference RNAs reducing HIV-1 replication [20].

However, considering a previous report that suggested
the presence of antibodies that recognizes ASP protein in
the sera of HIV-1 carriers [9], there remains a possibility
that HIV asRNA may exert its functions both as a
functional RNA and through protein(s) encoded by it. Con-
sidering the function of asRNA of human retroviruses, one
intriguing example would be HBZ of HTLV-1. It has been
reported that bZIP protein encoded by HBZ RNA can
suppress transcription of HTLV-1 sense RNA [22,26], al-
though antibodies that recognize HBZ have not been
reported in sera of HTLV-l-infected individuals. In
addition, some reports have suggested that HBZ RNA itself
can regulate host cellular proliferation [24,25]. Further
studies are required to elucidate detailed functional
mechanisms of ASP-L and its putative translation product

(s).

Conclusions

We have identified a 2.6 kb asRNA of HIV-1, a variant of
ASP mRNAs, which is transcribed from the U3 region of
antisense strand of 3' LTR and terminates in the env
region. The asRNA was expressed in acutely or chronically
infected cells and localized in the nuclei. The expression of
the asRNA led to a prolonged inhibition of HIV-1 replica-
tion, and the knockdown of the ASP-L RNA significantly
enhanced viral replication, suggesting that HIV-1 asRNA
may be a novel factor for the self-limiting replication of
HIV-1. Our finding of a new regulatory asRNA of HIV-1
will improve our understanding of regulatory mechanisms
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of viral replication, potentially providing a new approaches
for anti-viral therapies.

Availability of supporting data
The data sets supporting the results of this article are
included within the article and its additional files.

Methods

Cells and viruses

HEK293T and MAGIC-5A cells [44] were maintained in
DMEM (Dulbecco’s modified Eagle's medium, Nissui)
supplemented with 10% of heat-inactivated fetal bovine
serum (FBS, GIBCO) and antibiotics. The following cell
lines were maintained with RPMI 1640 medium with 10%
FBS and antibiotics: Molt-4, CEM, HL60, ACH-2 (CEM
cell-derived HIV-1yyp chronically infected cell line) [47] and
OMI10.1 (HL-60 cell-derived HIV-1yp chronically infected
cell line) [48). Human PBMCs were isolated from whole
blood of healthy donors by Ficoll-Paque gradient centrifu-
gation (Amersham Biosciences) and stimulated with 10 ng/
mL of PHA-P (Sigma) for 48 h. The activated PBMCs
(PHA-blasts) were cultured in RPMI 1640 medium supple-
mented with 10% FBS, antibiotics and 20 U/mL of human
recombinant IL-2 (R&D systems). HIV-1 NL4-3 strain was
used for the infection studies. Viral particles were produced
by calcium phosphate transfection of pNL4-3 plasmid in
HEK293T cells as previously described [53].

Expression vectors

Primers used for generating expression vectors are
described in Additional file 9: Table S1. Primers used for
this study. pME18S-asHIV was used for expression of the
antisense strand of HIV-1y4_3 (nucleotide position is 653
to 9102). The antisense strand of HIV-1 was obtained by
PCR method with following primers: hiv-pnl-653 and hiv-
pnl-9102, which are prepared based on the nucleotide
sequence of pNL4-3 [53]. The PCR product was cloned
into pGEM-Teasy (Promega) by TA method and sub-
cloned into Xbal/Notl sites of pME18S [54].

The reporter gene plasmids, pGL4-asLTR-1, pGL4-
asLTR-2, pGL4-asLTR-3 and pGL4-asLTR-AxB were
generated by inserting PCR amplified fragments with vary-
ing length of the upstream sequence of ASP-L TSS into
Sacl (blunted)/Xhol sites of pGL4.10 (Promega). The frag-
ments correspond to the following nucleotide positions of
HIV-1np4-3: pGL4-asLTR-1, nucleotide position 9425 to
9709; pGL4-asLTR-2, 9425 to 9689; pGL4-asLTR-3, 9425
to 9562; pGLA4-asLTR-AxB, 9442 to 9709. pGL4-asEnv
was generated by insertion of 200 bp length antisense
fragment of env region that was amplified by p5R and

8514f primers, followed by Xbal/Xhol digestion. pGL4—5""

LTR vector for evaluating the transcriptional activity of
the sense strand LTR was described previously [55]. The
TATA box mutants, pGL4-asLTR-TATA mutl and pGL4-
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asLTR-TATA mut2, were prepared by site-directed gene
mutagenesis method [56,57] with primers described in
additional file 9. These vectors were linearized by diges-
tion with Pstl or BstXI prior to transfection. pME18S-tat
was used for Tat expression [58,59].

To investigate the effect of ASP-L on HIV-1 replication,
we prepared an ASP-L expression vector, pIRES-RSV-ASP-
L, using an expression vector pIRES-RSV that was derived
from pIRESpuro3 (Clontech) containing RSV promoter.
PIRES-RSV-ASP-L was generated by inserting a proviral
DNA fragment that corresponds to the full-length of ASP-L
at EcoRI/Notl sites. The ASP-L fragment was obtained by
PCR from pNL4-3 with primers 6878f-Notl and 9460r.

Transfections and HIV-1 infections

HEK293T cells (5 x 10%) were transfected with 4 pg of
plasmid DNA, pME18S-asHIV or pME18S, as a control,
by Lipofectamine reagent (Invitrogen) according to the
protocol of the manufacturers. After 4 h incubation, the
culture medium was changed and incubated additionally
for 44 h. To obtain the RNA from HIV-1-infected cells,
15x10° of MAGIC-5A cells were inoculated with
HIVya_s (3 x 10° TCID50/50 ml) for 3 days. Total RNA
was isolated by ISOGEN reagent (WAKO, Japan),
followed by poly (A)" RNA selection by oligo (dT) latex
(Dai-ichi Kagaku Yakuhin, Japan).

For expression of ASP-L gene, 200 ng of pIRES-RSV or
PIRES-RSV-ASP-L were transfected by Lipofectamine 2000
reagent (Invitrogen). After 4 h incubation, culture medium
was changed, followed by inoculation of HIVyy4 3 at 200
TCID5o/50 ml. After incubation for 18 h with HIV-1, cells
were washed with DMEM to remove free viruses.

For establishment of T cell lines that stably express
ASP-L, 5x10° of Molt-4 cells were transfected with
PIRES-RSV-ASP-L by electroporation, and several clones
were selected by 0.5 pg/mL of Puromycin (Sigma).
Among the Puromycin-resistant clones, three clones
were selected based on the ASP-L expression confirmed
by RT-PCR (3C2, 3F1, and 3G9). These clones were
expanded and inoculated with HIVy4_3 at MOI=0.1.
After 24 h of viral attachment, cells were washed by PBS
and cultured in a 6-well plate.

Northern blot analysis

Ten micrograms of total RNA samples were separated by
1% agarose-formaldehyde gel electrophoresis, and trans-
ferred onto a Biodin-A membrane (Pall). Hybridization
was carried out with 7% SDS, 0.2 M Na,HPO,, and 1%
BSA and isotope-labeled DNA probes for overnight at 65°
C, followed by washing with 0.5 x SSC and 0.1% SDS at
65°C. Region specific DNA probes for p1-p5 regions were
generated with PCR (See additional file 9: Table S1. Pri-
mers used for this study). The DNA fragments were TA-
cloned into pGEM-Teasy vector, and the inserted DNA
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was purified from Smal/Xbal digestion of the plasmid.
The probes were labeled with [a->*P] dCTP by BcaBest la-
belling kit (TAKARA, Japan) according to the manufac-
ture’s protocol.

Strand-specific RT-PCR and quantitative RT-PCR

Primers for RT-PCR are described in the additional file
9. DNasel-treated RNA samples were reverse-tran-
scribed with Tag-RT-primer at 55°C for 50 min by
SuperScript III reverse transcriptase (Invitrogen). Semi-
quantitative RT-PCR was performed by AccuPrime
DNA polymerase (Invitrogen) with the gene-specific pri-
mer and Tag primer (See also Figure 2A).

For strand-specific quantification, the cDNAs were ana-
lyzed by real-time PCR system (Thermal cycler Dice,
TAKARA). The strand-specific quantitative PCR (qPCR)
was performed by gene-specific primers and SYBRGreen
(TAKARA). Standard curves for strand-specific qRT-PCR
at R7 region were generated by linearized plasmids into
which target strand-specific RT-PCR products were
inserted. Levels of b-actin RNA were measured as internal
controls [55].

3" and 5' RACE of antisense RNAs

Both 3" and 5 RACE methods were performed with
500 ng poly (A)" RNA samples according to the manu-
facturer’s protocols (3'- and 5'-Full RACE Core Set,
TAKARA). 1% and 2™ PCRs were performed by
GeneTaq DNA polymerase (WAKO) with region-specific
primers (See additional file 9: Table S1. primers used for
this study).

In silico analyses

Genetyx ver.10 and TFsearch were utilized for the pro-
moter analysis of the HIV-1 asRNAs. For predicting ORFs
and polyadenylation signals, the sequence of ASP-L was
analysed by ORF Finder and HCpolya.

Reporter gene assays

Linearized firefly reporter plasmid and the RSV-
Renilla plasmid were co-transfected into 2x 10° of
Molt-4 cells with by Lipofectamine2000 reagent. At
24 h post-transfection, cells were harvested and evalu-
ated the promoter activities by measurement of luci-
ferase activities (Dual-Luciferase Reporter Assay
System, Promega). Representative results of quadrupli-
cate or triplicate experiments are presented with the
mean and S.D. Treatment of TNF-a (0-10 ng/ml)
was performed at 12 h post-transfection and the cells
were incubated for an additional 12 h.

Sub-cellular fractionation
Cultured cells were washed with PBS and lysed with lysis
buffer (10 mM Tris—HCl, pH7.5, 10 mM NaCl, 1.5 mM
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MgCl,, 10 mM Vanadyl Complex, 1% NP-40) on ice for
5 min. After centrifugation in 3,000 rpm for 5 min at 4 Co,
cytoplasmic supernatant and pelleted nuclei were separated
and resuspended in ISOGEN-LS (WAKO) for RNA extrac-
tion. Relative antisense and sense strand RNA levels were
measured by the strand-specific qRT-PCR method
described above and calculated the enrichment of RNA
levels in each compartment as below. Distribution of inter-
ested RNA was calculated as follows: (% of enrichment in
each fraction) = (level of RNA in nuclear or cytoplasmic
fraction)/(total levels of RNA in nuclear and cytoplasmic
fractions) x 100. The efficiency of the fractionation
procedure was confirmed by testing the distributions of /-
actin cytoplasmic RNA and U3 small nucleolar RNA (U3
snoRNA) [49].

Measurement of virus production

Viral replication was evaluated by measurements of free
virions in the culture media with RT assay [60]. Levels of
intracellular gag and tat RNAs were measured by qRT-
PCR as described previously [55]. Proviral loads were
measured by PCR with plR and p2F primers (See
additional file 9: Table S1. primers used for this study)
from genomic DNA samples isolated by QIAamp DNA
Blood Mini Kit (Qiagen). Albumin DNA levels were used
as a loading control [55].

Retroviral transduction and strand-specific RNA
interference

Recombinant retroviruses carrying shRNA#1 and #2 were
constructed by annealed double-strand oligonucleotides
(shRNA#1, 5 -GCAAGTTAgCgGCAtTATTCTCGAAA-
GAATAGTGCTGTTAACTTGC-3;  shRNA#2, 5'-
GGTGtTACTCITAgTGGTTCACGAATGAACCATTAG-
GAGTAGCACC-3") into a pSIN-sihU6 vector (TAKARA).
The sequence of scrambled RNA and detailed procedure of
retroviral production were as described previously [55].
After transduction of recombinant viruses and G418 selec-
tion, cells were expanded and inoculated with HIVy4 3 at
MOI =0.1. After 24 hours of viral attachment, cells were
washed with PBS and then cultured in a 12-well culture
plate.

To confirm the strand-specific knockdown by shRNAs,
the cells were transfected with pMIR-REPORT (empty
plasmid, Ambion), pMIR-sense ASP-L or pMIR-AS ASP-
L, respectively. These reporters include sense or antisense
HIV-1 sequence in the 3"UTR of luciferase gene.

Additional files

Additional file 1: Figure S1. Determination of transcript lll-iii. (A)
Results of 3' RACE. Top panel summarizes the results. Agarose gel
electrophoresis of 3' RACE PCR products is shown in Figure 3B. The
results of the sequence analyses are shown in the bottom panel.
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Bars and arrows indicate the identified termination sites, The bold arrow
shows the major transcript. The upper case letiers and arrows in the
sequence indicate the termination sites of transcript Uil (B) Termination
positions of transcript IHl-iii described in the context of pMET8S-asHIV.

Additional file 2: Figure S2. Detection of spliced HIV-1 antisense
RNAs. (A) A map of primer pairs at R11 and R12. (B-C) Results of agarose
gel electrophoresis of antisense-specific RT-PCR products at R11 (B) and R12
(O). Expected PCR products derived from spliced transcripts were
approximately 2 kb (B) and 400 bp (C), respectively (indicated by asterisks in
lane 2), which are shorter than that of full-length (6 kb at R11 and 5 kb at
R12). Experiments were perforrmed using total BNAs from HEK293T with
PME-18 S-asHIV (293 T-asHIV) (left panel) and HIV-1-infected MAGIC-5A
(right panel). Lane 1 and 7, cells transfected with a mock vector or no
infection control; Lane 2 and 8, cells with pME18S-asHIV or HIV-1 infection;
Lane 3 and 9, no RTase control; Lane 4 and 10, no BT primer control; Lane 5
and 11, PCR products with conventional primer pairs with cDNA samples
synthesized by random primers; Lane 6 and 12, positive control (amplified
from pME18S-asHIV plasmid DNA, or from pNL4-3 plasmid DNA); M, 100 bp
rnarker; A, MHind Ill rnarker.

Additional file 3: Figure $3. HIV-1 antisense RNA pattern in infected
cells. MAGIC-5A cells were infected with HIV-14 45 and then analyzed
antisense RNAs by antisense-specific RT-PCR at regions R9 (for original ASP
mMRNA) and R10 (for ASP-1). Representative results (n = 4) were shown, ASP-L
was mainly detected, Lanes 1-6 are the same as in Figure 28,

Additional file 4: Figure S4. Transcriptional activation of HIV-1
antisense RNAs by TNF-a treatment. ACH-2 was treated with TNF-¢

(10 ng/mb) for 24 h. Total RNAs were extracted and analyzed by strand-
specific qRT-PCR at R7. The asterisks denote statistical significance relative to
the untreated control (p < 0.02).

Additional file 5: Figure S5. Sub-cellular localization of HIV-1
antisense RNAs in the HIV-1 infected T cell lines. Results of subcellular
localization analysis of T-cell lines. RNA samples were prepared from
cytoplasmic and nuclear fractions of ACH-2 cells and HIV-1y, 4_s-infected
Molt-4 cells as described in the text.

Additional file 6: Figure S6. Sub-cellular localization of ASP-L in the
Molt-4 cells stably expressing ASP-L. RNA samples were prepared from
cytoplasmic and nuclear fractions of Clone 3G9 cels. Results of the
quantitative measurement of RT-PCR at R7 are presented from ¢cDNAs
synthesized with randomn primers. Fractionation efficiencies were confirmed

Additional file 7: Figure S7. Inhibitory effects of full-length ASP-L RNA
on HIV-1 replication. (A} ASP-L mutants. ASP-L3"is a portion of ASP-L
bearing the ASP-cading region. ASP-Lyare, contains an A to T mutation at
the start codon of ASP. ASP-L¢yep contains a C to A mutation at the
seventh codon of ASP to convert Cysteine into a stop codon, Detailed
sequences are provided in the right panels, Upper cases in the nucleotide
sequences show the mutated sites. (B~C) Effects of ASP on HIV-1
replication. (B) Expression levels of ASP-L3" measured by qRT-PCR at R7.
mock, Clone 2B3 with the empty vector; wt, Clone 3C2 stably expressing
wild type ASP-L (Figure 7D-G); c9F and ¢5D, established Molt-4 clones that
stably express ASP-L3"; Molt4, uninfected Molt-4 cells; Moltd-HIV, HIV-Ty 43
infected Molt-4. (C) HIV-1 RNA levels at 4 days post HIV-1y4-3 infection. HIV-
1 RNA levels were evaluated by qRT-PCR with gag and tat genes (mean + S.
D). (D) Effects of ASP-L RNA on HIV-1 replication. 50 ng or 200 ng of pIRES-
RSV-ASP-Lantc (AATG) or pIRES-BSV-ASP-Lc.qiqp (C-stop) was transfected into
MAGIC-5A, followed by HIV-1yy 43 infection. Viral production levels were
evaluated by RT assays with the supernatants at 72 h post-transfection. (E)
HIV-1 gag RNA levels at 48 h post-transfection measured by qRT-PCR/mock’
stands for MAGIC-5A with empty vector. ‘wt’ stands for MAGIC-5A with
PIRES-RSV-ASP-L.

Additional file 8: Supplemental materials and methods. Supplemental
materials and methods for expression vectors in Figure S7 are described.

Additional file 9: Table S1. Primers used for this study.
.

by measuring the levels of B-actin cytoplasmic RNA and nuclear U3 snoRNA.

Abbreviations
asRNA: antisense RNA; HIV-1: Human immunodeficiency virus type 1; HTLV-
1: Human T-cell leukemia virus type 1; HBZ: HTLV-1 b-ZIP protein; LTR: Long

terminal repeat; PBMCs: Peripheral Blood Mononuclear Cells; PBS: Phosphate-
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buffered saline; PHA-P: Phytohemagglutinin-P; Tat: Trans-activator of
transcription; TNF-co Tumor necrosis factor-a.
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Neutralizing antibody titers were determined before and after a single dose of pandemic (H1N1) 2009
influenza vaccine in HIV-1-positive Japanese adults in the first season of the pandemic and in those in the
second season who had already received the vaccine in the first season. The antibody response rate at 2-
month post-vaccination increased significantly from 49.0% (50/102, 95%CI: 39.0-59.1%) in the 2009/2010
season to 66.7% (42/63,95%Cl: 53.7-78.1%) in the 2010/2011 season. Geometric mean antibody titers (fold
dilution) at baseline, at 2 months, and at 4 months also increased significantly from 4.4 (95%Cl: 3.3-5.7),
19.0 (95%Cl: 13.4-26.8) and 13.7 (95%Cl: 9.3-20.2), respectively, in the 2009/2010 season to 8.3 (95%Cl:
5.8~11.7), 47.0 (95%Cl: 32.2-68.6) and 38.2 (95%Cl: 23.8-61.4), respectively, in the 2010/2011 season.

Although the vaccine response was low in the first season, it was improved in the second season.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

An (H1N1) influenza virus of swine origin emerged in the spring
of 2009 and was transmitted rapidly, reaching pandemic levels in
June 2009 [1]. The antigenic properties of the pandemic (H1N1)
2009 virus were substantially different from those of seasonal
H1N1 viruses. Although the overall case fatality rate was low, this
newly emerged virus caused serious illness in substantial num-
bers of people. Risk factors for severe illness included age <5 years,
pregnancy, chronic cardiovascular condition, chronic renal disease,
chronic hepatic disease, diabetes, immunosuppression, obesity,
and age > 65 years, among others [2].

The World Health Organization recommended
A/California/7/2009 (H1N1)-like virus as a vaccine strain on

* Corresponding author at: Division of Infectious Diseases, Advanced Clinical
Research Center, The Institute of Medical Science, The University of Tokyo, 4-6-1
Sirokanedai, Minato-ku, Tokyo 108-8639, Japan. Tel.: +81 3 5449 5359;
fax: +81 3 6409 2008.

E-mail address: aikichi@ra3.so-net.ne.jp (A. Iwamoto).

0264-410%/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.vaccine.2012.03.083

March 26th, 2009. The limited number of vaccine doses and the
likelihood of increased morbidity in high-risk individuals led the
Japanese Ministry of Health, Labor and Welfare Japan (MHLW)
to discuss inoculation frequency and prioritized immunization
schedule. Final MHLW recommendations were for a single vaccina-
tion for healthy adults, pregnant women, and high-risk individuals.
HIV-1 infection was included as one of the risk factors for the
prioritized immunization that started in Japan in November 2009.

Many studies have evaluated the immunogenicity of pandemic
(H1N1) 2009 vaccine in HIV-1-infected populations [3-15], whose
cellular and humoral immune functions may still be hampered
even after initiation of antiretroviral therapy (ART) [ 16]. Some stud-~
ies reported low rates of seroconversion (39-69% in 3 or 4 weeks
post-vaccination) after pandemic (H1N1) 2009 vaccine in an HIV-1-
infected population [3-10], while other studies gave inconsistent
results concerning vaccine immunogenicity [11-15]. There have
been few reports from Asia [6,7]. Some of the studies evaluated
antibody responses after two doses of pandemic (H1N1) 2009 vac-
cination in the 2009/2010 season and showed improved vaccine
response after the second vaccination [9,13,15,17]. Thus, results of
earlier single and two-dose vaccination studies suggest that greater
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antibody responses may be anticipated after single-dose vaccina-
tion in the second season [3-15], but there has been no report
describing vaccine responses in HIV-1-infected adults in the first
season of pandemic influenza compared to the second season.

We conducted a 2-year study to investigate pandemic (H1N1)
2009 vaccine responses in an HIV-1-positive population in Japan.
We examined neutralizing antibody (NT) responses in two con-
secutive seasons following a single dose of vaccine in order to
evaluate primary and secondary vaccine responses to pandemic
(H1N1) 2009 in HIV-1-positive Japanese patients.

2. Methods
2.1. Patients and study design

The goal of the study was to evaluate NT responses in HIV-
1-positive patients to the pandemic (H1N1) 2009 vaccine. We
conducted a two-timepoint (first season and second season), cross-
sectional study. In accordance with MHLW recommendations the
pandemic (H1N1) 2009 vaccine was made available to HIV-1-
positive Japanese adults in the outpatient clinic of the Hospital
affiliated with the Institute of Medical Science, the University
of Tokyo (IMSUT). The major immunization periods were from
November to January in the first season (2009/2010) and from
October to December in the second season (2010/2011). In the
first season, HIV-1-positive patients who received the pandemic
(H1N1) 2009 vaccine at our clinic were asked to participate in the
study. In the second season (2010/2011), three types of vaccines
were present in our clinic: those who had received their pandemic

(H1N1) 2009 vaccines in both seasons at our clinic; those who had

received the vaccine elsewhere in the first season (2009/2010); and
those who received their first pandemic (H1N1) 2009 vaccine in the
second season (2010/2011) at our clinic. We chose patients who
had received the vaccines in both seasons at our clinic for analysis
of the second season. For the convenience of the patients (and to
increase compliance), the study visits were scheduled to coincide
with routine clinic visits, which typically occur every two months.

Demographic information of the participants and relevant med-
ical history, including ART status, were obtained from patient
charts. Study procedures consisted of collection of blood samples on
the day of vaccination (baseline) and at 2 months (56 + 7 days) and
4 months (119 4+ 14 days) after vaccination for assessment of (i) CD4
T-cell count and HIV-1 viral load (baseline only) and (ii) NT titers.
The study was approved by the institutional ethical committee of
the University of Tokyo (21-48-0108) and all study participants
gave written informed consent.

2.2. Vaccine

A 0.5mL dose of inactivated, unadjuvanted, influenza vac-
cine, containing 15 g hemagglutinin of influenza virus strain
A/California/7/2009 (H1N1), was used for a single intramuscular
or subcutaneous vaccination in both seasons. In the 2009/2010
season the pandemic (H1N1) 2009 vaccines approved in Japan
were monovalent, and we used monovalent influenza HA vaccine A
(HIN1) “KAKETSUKEN" (Kaketsuken, Kumamoto, Japan). Some of
the participants in the 2009/2010 season had received the seasonal
trivalent vaccine (A/Brisbane/59/2007 H1N1, A/Uruguay/716/2007
H3N2, and B/Brisbane/60/2008) before or together with the pan-
demic (HIN1) 2009 vaccination at their own request. In the
2010/2011 season, although the same A/California/7/2009(H1N1)
strain was used for manufacturing, the vaccines were trivalent with
A/Victoria/210/2009 (H3N2) and B/Brisbane/60/2008 vaccines. We
used the trivalent influenza HA vaccine “KAKETSUKEN” TF (Kaket-
suken) in the 2010/2011 season.

2.3. Microneutrazation assay

The microneutralization assay was performed following the
“WHO Manual on Animal Influenza Diagnosis and Surveillance”
[18] with minor modifications as described previously [19]. We
used AfOsaka/364/09 (HIN1) strain, which is antigenically very
similar to A/California/7/2009 (H1N1). When the fold-dilution was
below the level of detection (<1:4), the titer was designated as “1:2"
for comparisons.

24. Data analysis

A positive NT response was defined as a 4-fold or higher increase
in NT titer at 2 months post-vaccination. Geometric mean NT
titers (GMT) were calculated at baseline and at 2- and 4-month
post-vaccination using GraphPad Prism 5 (GraphPad Software, Inc).
Changes in antibody titer were analyzed using Mann-Whitney U
test, and differences in proportions of vaccine response were ana-
lyzed by the Fisher's exact test.

Multiple logistic regression analysis was performed (using JMP
9 software; SAS Institute Inc.) with the following independent vari-
ables linked to vaccine response: baseline NT titer, second season
or first season, age, baseline CD4+ cell count, logyog HIV-1 viral load,
nadir CD4+ cell count, and presence/absence of ART.

3. Results
3.1. Baseline characteristics

Two hundred thirty-one of 388 HIV-1-positive patients who vis-
ited our outpatient clinic during the immunization period in the
2009/2010 season received the vaccination, and 159 of the vacci-
nees agreed to participate in the study. In the 2010/2011 season,
237 of 455 HIV-1-positive patients who visited the clinic during
the immunization period received the vaccination, and 186 agreed
to participate. Among those 186 individuals, 116 had received the
vaccine the previous year and were included in this study. Fifty-six
subjects in the 2009/2010 season and 52 subjects in the 2010/2011
season failed to provide blood samples at the necessary intervals
and were considered study withdrawals. The remaining population
of 103 vaccinees in the 2009/2010 season and 64 vaccinees in the
2010/2011 season included 44 individuals who had participated in
both seasons. One of those 44 participants was excluded from anal-
ysis because of a confirmed positive influenza A antigen test from
nasopharyngeal swab in December 2009. Thus, the study popula-
tions for data analysis consisted of 102 subjects in the 2009/2010
season and 63 subjects in the 2010/2011 season.

Asshown in Table 1, baseline characteristics of both groups were
similar except for plasma HIV-1 viral load and proportion of sub-
jects on ART. In the 2009/2010 season there was a lower percentage
of subjects with plasma HIV-1 viral load <400 c/mL and a lower
percentage of subjects on ART compared to the 2010/2011 season.

Sixty-six participants (among 102 evaluated participants) in
the 2009/2010 season received the seasonal trivalent vaccine in
the same season before immunization with the pandemic (H1N1)
2009 monovalent vaccine, and 28 participants received the sea-
sonal trivalent vaccine together with the pandemic (H1N1) 2009
monovalent vaccine. Eight participants did not receive the seasonal
trivalent vaccine in the 2009/2010 season.

3.2. Immune response

The 2-month post-vaccination response rate, measured as the
percentage of subjects with a positive NT response (i.e., 4-fold or
greater increase from baseline in NT titer), increased from 49.0%
(50/102, 95%Cl: 39.0-59.1%) in the 2009/2010 season to 66.7%
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Table 1
Subject demographics at baseline.

Median age (IQR) No. of males (%) Median CD4+ count (IQR) Median nadir CD4+ No. (%) with No. on ART (%)
count (IQR) HIV-1 RNA
<400 copies/mL
Subjects in 1st year (n=102) 42 years {35-51) 101 (99%) 445[pL (339-571) 183/l (108-234) 84(82.4%) 82(80.4%)
Subjects in 2nd year (n=63) 42 years (34-47) 60 (95%) 463/l (349-609) 170/pL (74-237) 59(93.7%) 59(93.7%)
Pvalue 0.61 0.16 0.58 0.61 0.057 0.022

Mann-Whitney’s U-test or Fisher’s exact test.
Abbreviations: IQR, interquartile range; ART, antiretroviral therapy.

(42/63,95%Cl: 53.7-78.1%) in 2010/2011 season (p = 0.036; Fig. 1A).
As shown in Fig. 1B, geometric mean NT titers also increased sig-
nificantly in the second season: baseline, 4.4 (95%Cl: 3.3-5.7) in
2009/2010 vs. 8.3 (95%CI: 5.8-11.7) in 2010/2011 (p=0.0002); at
2-month post-vaccination, 19.0 (95%CI: 13.4-26.8) in 2009/2010
to 47.0 (95%Cl: 32.2-68.6) in 2010/2011 (p=0.0008); and at 4~
month post-vaccination, 13.7 (95%Cl: 9.3-20.2) in 2009/2010 to
38.2 (95%Cl: 23.8-61.4) in 2010/2011 (p=0.0016).

3.3. Multiple logistic regression analysis

In multiple logistic regression analysis to assess factors affect-
ing vaccine response, the only significant variables were lower
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Fig. 1. Vaccine response rate (A) and geometric mean titer (B) of neutralizing anti-
body at 0, 2 and 4 months after vaccination in HIV-1-positive Japanese outpatients.
(A) Response rate is defined by no less than 4-fold increases in neutralizing anti-
body (NT) titer at 2 months post vaccination compared to the baseline in each
season. Subjects in 2009/2010 season were HIV-1-positive outpatients who were
firstly vaccinated with single dose of non-adjuvanted pandemic (H1N1) 2009 vac-
cine, and subjects in 2010/2011 season were those who were secondly vaccinated
with the same vaccine. (B) The ‘plus’ symbol represents geometric mean NT titer,
horizontal line inside the box represents median NT titer, box represents inter quar-
tile range, and whiskers represent 5-95%. *: Fisher’s exact test, “*: Mann-Whitney’s
U-test.

baseline NT titer (adjusted odds ratio per 2-fold increase in NT
titer: 0.81, 95%Cl: 0.67-0.96, p =0.014), reflecting the “law of initial
value,” and the second immunization season compared to the first
immunization season (adjusted odds ratio: 2.66, 95%Cl: 1.30-5.63,
p=0.0069) (Table 2). Indicators of immune status such as CD4 cell
count, HIV-1 viral load, ART status, and age showed no significant
association with vaccine response. These results suggest that the
immune memory acquired in the first season improved the immune
response in the following season.

34. Influence of seasonal influenza vaccine in the 2009/2010
season

Since the pandemic (HI1N1)2009 vaccine was monovalentin the
2009/2010 season, we could classify the patients into three groups
based on their history with the 2009/2010 seasonal influenza vac-
cine: (i) those who did not get the seasonal vaccine (non-seasonal
vaccine group, n=238), (ii) those who got both vaccines simultane-
ously (simultaneous seasonal vaccine group, n=66), and (iii) those
who got the seasonal vaccine before the pandemic (H1N1) 2009
vaccine (prior seasonal vaccine group, n=28). Geometric mean
baseline NT titer against pandemic (H1N1) 2009 in the 2009/2010
season was 2.6 (95%Cl: 1.7-4.0),4.3 (95%Cl: 3.0-6.1) and 5.4 (95%Cl:
3.1-9.4) in the three groups, respectively. Although there was
a trend toward higher baseline GMT in the prior seasonal vac-
cine group compared to the other groups, the difference was not
statistically significant (p=0.55, Kruskal-Wallis test). Geometric
mean 2-month post-vaccination NT titer against the pandemic
(H1IN1) 2009 was 16.0 (95%Cl: 2.6-97.4), 19.7 (95%Cl: 12.7-30.6)
and 19.0 (95%ClI: 9.5-38.0) in the non-seasonal vaccine group,
the simultaneous seasonal vaccine group, and the prior seasonal
vaccine group, respectively. The differences were not statistically
significant (p=0.91, Kruskal-Wallis test). The 2-month positive-
vaccination response rate against the pandemic (HIN1) 2009 was
50.0%(95%CI: 15.7-84.3%) in the non-seasonal vaccine group, 53.3%
(95%Cl: 40.3-65.4%) in the simultaneous seasonal vaccine group
and 39.3% (95%CI: 21.5-59.4%) in the prior seasonal vaccine group,.
The differences were not statistically significant (p=0.47, Chi-
square test).

4. Discussion

In this two-timepoint, cross sectional study, we analyzed the
neutralizing antibody response against non-adjuvanted split-virion
pandemic (HIN1) 2009 vaccine in an HIV-1-positive population in
two consecutive seasons. Although the positive immune response
rate against pandemic (H1N1) 2009 vaccine was less than 50% in
HIV-1-positive subjects in the first season of the pandemic, the rate
was improved to 66.7% in the second season. We also observed a
significant increase in the baseline NT titers as well as an increase
in 2-month post-vaccination NT titers in the second season. There-
fore, it appears that a single-dose vaccination results in a significant
immune memory even after one year.

Bickel et al. [17] reported that one dose of pandemic (H1N1)
2009 vaccination in the 2009/2010 season resulted in lower

- 1583 ~



3822 T. Kikuchi et al. / Vaccine 30 (2012) 3819-3823

Table 2

Multiple logistic regression analysis to assess the factors associated with vaccine response.
Variable Adjusted odds ratio 95% Cl Pvalue
Season (2nd season vs 1st season) 2.66 1.30-5.63 0.0069
Baseline NT titer (per 2-fold increase) 0.81 0.67-0.96 0.014
Age (per 10-year increase) 0.76 0.54-1.05 0.097
Current CD4+ cell count (per 100/pL increase) 0.90 0.73-1.09 0.27
logio HIV-1-RNA copies/mL (per 1 unit increase) 0.74 0.29-1.70 0.49
nadir CD4#+ cell count (per 100/pl increase) 0.99 0.66-1.48 0.95
ART status (on ART vs not on ART) 0.39 0.03-3.88 043

Abbreviations: CI: confidence interval of adjusted odds ratio; ART: antiretroviral therapy; NT: neutralizing antibody.

response in a HIV-1-positive population compared to a non-HIV
population but two serial doses in the same season had a booster
effect and improved the response. Our study suggests that a booster
effect may be expected even after a year. However, we cannot
conclude that single dose in the second season is enough for HIV-
1-positive patients, since 33% had insufficient response.

In our study the proportion of patients on ART was significantly
higher in the second season, a difference that may have been caused
by the study’s design. To verify first-season vaccination, we enrolled
only those subjects who had received the vaccine in our clinic.
Some of the subjects who were ART-naive when they received the
first vaccine had since started ART. Many new patients are ART-
naive, but patients new to our clinic in the second season were
not enrolled. Although baseline CD4+ cell counts were compara-
ble between the two seasons, a higher ratio of the subjects on ART
may have influenced the vaccine efficiency in the 2010/2011 sea-
son. However, logistic regression analysis indicated that neither
ART status nor HIV-1 viral load had a significant association with
vaccine response.

Our study has several limitations. First, the sample size was
small and not all subjects were included in both seasons. Second, we
scheduled the blood draws for the convenience of our outpatients,
who are typically followed every 2 months. Consequently, NT titer
assessment was done at 2 months post-vaccination, rather than
at 3-4 weeks when antibody levels would be at the peak. Thirdly,
we cannot rule out the influence of immune memory or antibody
response from natural infection in interpreting our results, since
transmission of the pandemic (H1N1) 2009 influenza via subclinical
cases has been reported [20].

According to epidemiological data reported by Tokyo Metropoli-
tan Institute of Public Health, the cumulative number of
influenza-like cases per fixed surveillance point in Tokyo was 315.4
in the 2009/2010 season and 246.6 in the 2010/2011 season, and
the proportion of pandemic (H1N1) 2009 influenza among the PCR-
positive influenza cases was 98.6% in the 2009/2010 season and
40.8%inthe2010/2011 season [21]. Therefore, the incidence of pan-
demic (HIN1) 2009 influenza in Tokyo was lower in the 2010/2011
season than in the 2009/2010 season. However, as the actual rate
of natural infection among the study patients was unknown, it
remains a possibility that natural infection might have affected the
apparent vaccine response or NT titer at baseline or 2-month post
vaccination.

Finally, the difference in vaccine component, i.e., monovalent
in the first season versus trivalent in the second season, might
have influenced the study results. There is a possibility of cross-
immunity from the Russian H1N1 strain contained in the trivalent
seasonal vaccine used in the 2009/2010 season. At their request,
most of our study participants in the 2009/2010 season had
received the seasonal trivalent vaccine either before the pandemic
(H1N1) 2009 monovalent vaccination or together with it. However,
our data showed no obvious effect of seasonal influenza vaccina-
tion in the 2009/2010 season on baseline or post-vaccination NT
titers of pandemic (H1N1) 2009 influenza, a finding consistent with
a previous report showing that vaccination with recent seasonal

nonadjuvanted or adjuvanted influenza vaccines induced little or
no cross-reactive antibody response to the 2009 H1N1 influenza
virus in any age group [22]. In addition, according to the regional
epidemiological data, there were no cases of Russian H1N1
influenza infection detected by nasopharyngeal PCR after the emer-
gence of pandemic (H1N1) 2009 influenza in Tokyo [21]. Therefore,
it seems unlikely that our study was influenced by the seasonal
(Russian) HIN1 influenza virus infection during or between the
study periods.

5. Conclusion

Asingle dose of non-adjuvanted pandemic (H1N1) 2009 vaccine
inHIV-1 positive individuals in the first season of the pandemic may
improve the baseline antibody titer and the vaccine response in the
second season.
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